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In producing Aristoloy Steels, Copperweld Stee! Company employs up to date 
methods, including on odvonced refractory practice After every heot, BR! 


Guns ore used to restore furnace linings with ao light application of Gundol 


BRI Guns + Gundol = 550 heats 
per lining at Copperweld 


HE record is convincing. In 1951, Copperweld’s patching during campaigns practically eliminated, 
seven electric furnaces at Warren, Ohio, tapped and maximum furnace availability. To meet critical 


over 14,000 heats, averaging above 40 tons. mill schedules, furnaces have been held two 


Iwo furnaces set new lining lite records— | BASIC FURNACE | or three days beyond normal relines. 


cn 
each averaging better than $50 heats hop Coppe sweld Secel ¢ ompany is one of many 


407 5 
——— heats electric steel producers now using BRI Gun 
In addition to this increase in over-all lin- refractories. If you operate electric furnaces, 
ing lite, operations at Copperweld cite two large or small, you, too, will be interested in 


turther benetits trom the use of BRI Guns and the economies possible with the BRI Gun 


Gundol> Balanced lining life, with brick | REFRACTORIES | and Gundol or Gunmix. 
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rére gou taking full advantage of the constantly growing range of forgings? 
Typical is this aluminum alloy forging with a projected area of more than | ,000 
square inches used in the wing structure of a modern military bomber. Such 
forgings are today made possible by the use of the largest die forging press in 
America (18,000 tons). For hammer or press die forgings of aluminum, mag- 
nesium or steel, Wyman-Gordon engineers are ready to serve you—there is 
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what you have worked out for yourself, or that somebody 


else has worked out with you? 


In plant after plant, our Field Engi- 
neers have achieved splendidly. 
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IN CONSERVING “CRITICAL” 


U-S-S CARILLOY BORON STEELS PROVE EFFECTIVE 


ALLOYS 


@ Today American industry is faced with the unpleasant projectiles, torsion springs for tanks, ets 
fact that, after military needs are met, there is not nearly These and post-war applications of boron steels on large 
enough mckel and molybdenum available to produce steels diese! locomotive crankshatts, heavy-duty tractor axles 
containing these alloys. Actually the alloy shortage is worse in wrenches and hand tools, have thoroughly monstrated 
now than in World War Il boron's ability to replace several hundred times its own 
lowever, insofar as heat treating steels are concerned, weight of other hardening alloys such as nickel, chromium, 
the picture is not as grim as it might be. For in the last molybdenum and manganese Not only have boron steels 
war, the potentialities of the element boron for increasing helped to conserve these critical alloying elements, where 
the hardenability of steel became widely recognized and they are necessary only for adequate hardenability, but 
thousands of tons of boron steels were produced by United they have effected considerable savings both un the cost of 
States Steel and used in military equipment, such as armor, steel and in fabricating costs as well 


U-S-S SuperKore—a pioneer boron steel 


More than six years ago, United States Steel Company devel successfully used for more than three years to replace 4812, 
oped U-S’S SuperKore A, which ts essentially a 4512, plus boron in making a famous line of rock bit cutters, and saves one 
and 0.03 0.07 vanadium. Used by a leading aircraft engine half the nickel formerly required 
builder, this steel (designated as TS 43KV!2) has successfully U-S’SSupesKore C— a 8615 plus boron — originally developed 
replaced 3310, in heavy-duty gears, shafts and pinions for large to replace 4500 carburizing grade, and which reduces mekel by 
air-cooled reciprocating engines and is approved for aircraft one-half and molybdenum by one-fifth has shown good results 
use under AMS Spec. 6266. Not only does SuperKore A save Our work on these alloy-saving carburizing steels has shown 
one-half the nickel and two-thirds the chromium formerly re that lower alloy steels contaiming bo »will have the same core 
quired but the manufacturer reports improved carburizing properties as the higher alloy steels they match on harden 
characteristics— with less retained austenite and fewer undis ability. In addition to conserving critical alloys they (1) im 
solved carbides on direct quenching prove hot and cold working, (2) require 
shorter annealing cycle ind have 


Similarly, SuperKore AA—a 
4315 plus boron —shows improved hard 


ness near the surface and large tonnages 


have been used by a leading heavy-duty There are other approaches 
truck builder who reports that transmis 

sion countershafts made from it have to the alloy problem 
been in service for five years with excel 
ce 4800 types, Although the substitution of boron steels for standard 


lent results. Used to re 
this steel now designated as TS 43KBV14 


reduces nickel and molybdenum require 


alloy grades has enabled many customers to meet 
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} the ways our metallurgists and research specialists 

ments by one “h anf are able to solve today 8 alloy problems 
Another U-S’S SuperKore Steel Ser 
SuperKore B— which is a 4615 plus without beren, have proved entirely eaticfectery. tn 
boron, designated TS 46B12, has been others, improved heat treating procedures have pro 


cases, emergency alloys 


wided adequate hardness and other physical proper 
thes 19 lean standard alloy steels 


In addition to the use of US'S SuperKore A in this engine 
Super Kore steels are being used in other awcraft power plants 


COLUMBIA GENEVA STEEL TENNESSEE COAL & IRON UNITED STATES STEEL SUPPLY 
Oivivom of UNITED STATES STEEL COMPANY, PITTSBURGH 
aroe wree we 


Steels 


Electric Furnace or Open Hearth - Complete Facilities in Chicago and Pittsburgh 


improved machinability. All these fac 
tors result in fabricating economies 

Because in some cases boron steels re 
quire more care in their selection and 
treatment than do the conventional alloy 
steels, we offer you the assistance of our 
metallurgists who have pioneered their 
development and whose practical coop 
eration will be of material benefit: in 
ippiving boron steels to your equipment 
Simply write United States Steel, 525 
Wilham Penn Place, Pittsburgh 30, Pa 
Room 2801H- 


Heavy-duty truck transmission gears and rear differential gears 
and pemons such as these are made of US S SuperKore AA 
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Fused 


HAVE YOU INVESTIGATED THE TAM 
ADVANTAGES OF TAM FUSED SALTS RECENTLY? PRODUCTS 


These TAM products are finding increasingly successful 


use as a source of zirconium for magnesium alloys. By refining grair 


‘ze, they help improve strength in costings ond eliminate TETANIUM ALLOY MFG. DIVISION 


problems in extruding bars. Ask our field engineers tor NATIONAL LEAD COMPANY 
Jetails or write us at New York fxecutive and Sales Offices 11] BROADWAY WEW YORK CiTY 
General Offices Works and Research Laboratories NIAGARA FALLS WY 
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BASES eid of many MH alloy powders 


Vastly improved techniques in development of alloys 
are made possible by the use of alloy powders 
incorporating titanium and zirconium. From these 
base powders many true alloy powders are available 
in varying percentages. Among these are chromium. 
nickel, cobalt etc. Each particle or grain is a 
true alloy obviating the need of diffusion 


dunng the sintering process. 


Write today without obligation — 


for further technical information. 


12-24 CONGRESS STREET ¢ BEVERLY ¢ MASS. 
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Industrial Notes ... 


e The Bronze ¢ New 


e Allegheny Ludlum Steel Corp. has 
changed the name of its carbide pro 
duction and sales units from Carbide 
Alloys Div. to Carmet Div. Carmet 
Div. is a principal producer of tung 
sten and other sintered carbides 
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e Reynolds Metals Co. will build a 
new aluminum reduction plant at 
Gum Springs, Ark., that will have an 
annual capacity of 110 million Ib of 
metal. The plant will have potrooms 
more than ', mile long, and will 
utilize the Soderburg process. A car 
bon electrode plant and a laboratory 
will also be built. Aluminum bus bars 
will be used for power transmission 
to the aluminum cells in the pot lines. 
Alumina will come from the com- 
pany’s alumina plant at Hurricane 
Creek, Ark. In addition, new facilities 
to be installed at the company's plant 
in Longview, Wash., will increase 
primary aluminum capacity there 
from 63 million to 100 million Ib. Rey- 
nolds expects to produce 829 million 
Ib of aluminum by 1953. 
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e Research and Development Board, 
Dept. of Defense, predicts that re- 
search and development expenditures 
in the U. S. during 1952 will reach 
$2.93 billion, of which $1.64 billion 
will come trom the government. Of 
these funds, $1.82 billion will be used 
by industry, $280 million by univer- 
sities, and $830 million by the gov- 
ernment. 


Variation of BRITTLE STRENGTH 
and YIELD STRESS at 


= é low Temperature of 1020 Steel 
10 


1020 Steel at 61.5 


A need for measurements of brittle strength as a fune- 
tion of temperature prompted the results shown in the curve 
above. Several samples of hot-rolled 1020 steel were tested 


ct vorious temperatures in the interval 12°K. to 61.5 K. All 
exhibited brittle fracture with no reduction 
75°K., however, a definite yield point was observed and 
the increase in length before rupture was unexpectedly large. 
Several additional specimens were broken at temperatures 
lying between 61.5° and 75°K. The results indicate a sharp 
transition near 61.5 K., below which no reduction of area 


in area. At 


occurs and above which the reduction of area increases 


rapidly as the temperature at which the sample is broken 


rises above 61.5. 

The ADL Collins Liquid Helium Cryostat, by providing 
test chamber temperatures from ambient to —271 C., makes 
many research projects like this possible. Superconductivity, 
resistance minima in metals at low temperature, and thermal 
conductivity are a few of the studies utilizing the ADL Collins 


Cryostat, the basic tool of a new research frontier. 


For further information request Bulletin JM-1 


including details of the Collins Helium Cryostat and a reprint of ‘Fracture and 


Yield Stress of 1020 Steel ot Low Temperatures” by A. 5S. Eidin and S. C. Collins, 


ARTHUR D. LITTLE, Inc. 


Mechanical Division 


30 MEMORIAL DRIVE . CAMBRIDGE, MASS. 
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Temperature in °K. 
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‘ biy of engine parts u be done ~ 
I Ver D at t 
VJ t ou er con- 
i erate the R plant 
e Koppers Ine. is building a pilot 
plant to make gasoline from coal by 
it enation. The proce est 4 
ered ¢ iina ir! vith reactior 
taking place under gh pre ire : 
New laboratories for the par ire ; 
nearing completion at Verona, Pa 


4. been proved many times that the 
Morgan-lsley equipped regenerarive tur- 
outperform the conventional 
natural draft furnace in many The 
Morgan-lsley produces more © 
speeds uP the furnace The Morgan-lsley 
reduces tuel consumption because it pro- 
vides 2 constant, measured flow of high 


temperature combustion 


The Morgan-tsley System has decreased 
tuel consumption more than 15% and in- 
creased production more thon 19% as com 


pared to ordinary natural draft furnaces in 


the same shop 


LESS FUEL Let's get rogether and talk Morgan-lsley 


in relation to your problem 
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THE DRIFT OF THINGS 


Nobis 


by 


certa 


$8000 


$42. 000 in 


I ‘ creased some $29,000 over 1950. Dues re- 1990 t 

eived from old members increased moderately, but Empha n 1952 i ' acie ‘ 

ijues from new embers dropped off $2000 and fron ‘ e¢ in two iit rection Increa x the advert 
tite severely—from $17,000 to $11,000 ng, and gettir ore new memb fhe latter not 


n advertising income from $103,000 in 1950 tt 
00 in 1951. All three of the urnals shared in tt et idvertising and of 4) pet ies al 
Mining being up $18,000, Metals, $9000, and Petroleur nitiation fee even though it! 7,000 members an 
$13,000. Nonmember sales of the journals dropped off ts dues, for the Member grad es 
lightly, and sale f Transactions volumes more so B etting more new ember nd e advertisi 
t ted crease nm we te nila 


S49 .000 


ir p of $5000 accounted for by a change in accounting 8 . 4 
procedure. On the other hand ale f other publica tudied. Put thor f a Direct n lol will add 
tions increased by $10,000 ibstantial ite t ost On the whol t Ould set 
Exper titure in 1951 increased by niv about that a impiu as 
er 1950, an exceptionally good showing in view of probably be only a est one t as last yeal 
It would appear that there little hope efore 19 


1950 to 


reast eans higher prices for the things the Institute a 
has to buy; especially, higher salaries have to be paid eached the vanishing point in bgov 
for the ffice help wh« do the work at Institute head 
juarters and in it office AIME Fall Meeting in Chicago 
A marked savir hing costs wa ide be Plans have been concluded for the dates and locatio 
ause no Directory of rs was published in 1951 f the AIME Fall Meetir n Chicago next Septembe 
This cost $19,000 in the officer and committe r ll be in connection with the Centenmal of Er 
list issued last vear cost onlv $2000 vineering cele thor ehict t ( ‘ the f +? 
Expense chargeable to technical Divisior and weeks of the tot of 51 engineeriu i 
i that fort ht 


$39. 000 in 1950 to $54,000 In 


Branches increased fre 


1951. the increase being chiefly the Mining Branct AIME technical se or will be held in the Palme 
One reason was that the expense of the Salt Lake Cit House on Frida ind Saturda September 5 and ¢ 
ffice was all met out of operating me im 1951 vith a dinner-dance Saturday night. One ¢ ! ‘ 
‘ its cost was taken out of income in the Barron LD 


000 Industry, where many 


Compared with 1950 general 
i from $93,000 to $95,000, a most 


alaries that haa rimiuttes 


i nade in the pension quet for t 
hanges. Miscellaneous ex- ittract several thousand people 

It looks as though Chicago should be included in the 
of all engineers in 1952 


account becaust 


penses 
of equipment, furniture, and fixtures, including ad- vacation pli 


MARCH 1952. JOURNAL OF METALS 239 


, 
& 
| HOUGH the final figures are not avaliable a this sstment f prio eal awecounted for $12,000 added : 
is written, it seems Min that the Institute ac expense; and a reserve was set up of $3000 1 bad 
count vill show $7000 to surplus for the yeat in accumulatior f me vear 
1951. Thi the first time this has happened since 1941 Branchwise, the Petroleum Branch again, 4s in ive 
No monev had to be taken from any of the Funds t perated on practically a balanced budget as betwee! 
ring about this happy conditior Furthermore, the neome and expense The Mining Branch had a sul ; 
amounts allowed for depreciation, bad debts, and in- plus of $35,000 compared with $24,000 in 1950, and the 
vent bye im the mast Met Branct lecreased it leficit frot 
The number of new members did not ¢ e up to ex i i ' 
pectation ind a change in procedure caused a delay circulation of the urnals thus making thet better 
in getting me of them on the roll A large numbet advertising media. In 1950, 21 pet of the AIME income ’ 
of the new members paid an in tallment of $5 on the ame fr sdvertising and 64 pet from due ind initia . 
nitiation instead of the full $20 Junior Members, of tior n 1951 the respective hgure vere 28 pet and oY 
course, pay no initiation fee pet. Contrast these fhgure vith those of a ter societ : 
e picture was the increase ict the American Societ Mechanical Engineet 
‘ 
= 
Fund in 199 j 
Expense for the three ournals dropped $11,000 This late Already, the Industrial Minerals Div ancl thie 
is quite surprising considering the high quality that Minerals Beneficiation Div. are definite planning t w: 
was maintained. It shows particular care on the part participate; the Mining, Geolog ind Geophysics Dis ; 
{ the editorial and publishing staffs in condensation is almost a certaint ind several other D t : 
and editing of article and avoidance f luxuriou planned to make their decision at the Annual Meeting 7 
printing practice Costs of both the Mining and Metals The dat elected will enable those wit ittend te Pa 
yournals decreased, but improvement in the Petroleun have Sunday for visiting the Museun f Scuence and 
ourt ncreased it t about $7 special engineering exhibit 
On Monday and Tuesday followu there 
s ial convocations on the metals industric 
os ng speaker arranged by the Centennial 
to be paid. A saving of $80 i : 
f staff 
elle 


NICKEL-CHROMIUM 
MOLYBDENUM 


STEEL VALVE CASTING 


After exposure to steam at 900 F. for more than 
cast in nickel 


valve 


steel was made available 


wperation of The Detroit 


’ Despite its long continuous service, examina- 


ncluding 


ollowing charac- 


NO LOSS OF STRENGTH 
NO EMBRITTLEMENT 
NO OCCURRENCE OF GRAPHITE 


This nfums extensive laboratory tests and 


vidence tha 


kel -« 
tee! niorming to requirements of grade WC-4, 
ASTM Specifications A-217, will adequately 


t valves and 


molybdenum 


hromium 


meet the severe conditions unposed by steam at 
ah } nd temperatures up to 900 F,. MANUFACTURED BY THE LUNKENHEIMER COMPANY, 
Cincinnati 14, Ohio, the valve selected for test was identical to 
At present time, the bulk of the nickel produced the 4-in. gate valve shown above. Before removal for study, it 
! R er lefense. Through application served continuously for 53,810 hrs. at a nominal temperature of 
to appropriate authorities. nickel is obtainable 900 F. and at an average pressure of 841 p.s.i. 


steels for 


nd defense supporting 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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The first kot extrusion plant designed specifically to produce seamless 
steinless steel tubing by the "Ugine-Sejournet” extrusion process is in 
operaticn by Tubulsr Froducts Div., Eabcock & Wilccx Co., Beaver Falls, Fa. 
Outstending feature of this method is the use of gless as a lubricant for 
the hot worked metel and as an insulator to protect the die system. The 
plent is licensed by Comptoir Industriel d'Etirage & Profilege de Metaux, 
Peris, developers of the process. 


Proposals for basie research projects to be contracted with the Office of Ordnance 
Research, esteblished by the army Ordnance Corps, ere beim solicited from 
steff members of educational and other resesrch institutions, Information 
concerning preperation of proposals or detsils of the program cen be obteined 

from Office of Ordnance Rese-rch, 2127 Myrtle Drive, Duke Station, Durham, N. C. 


Iron ore shipments from U. S. Steel's Cerro Poliver in Venezuela sre expected to 
begin in 1954. Orinoco Mining Co., U. S. Steel's subsiciery operating the 
property, has swarded contracts for the construction of mine fscilities to 
Constructora Bechtel, S. A. 


Ansconde Coprer Mining Co. will supply uranium to the AEC from an ore processing 
vlant to be built et Grants, N. Mex. A market will be provided et the 
plant site for uranium ore produced by other operators in the area. American 
Smelting & Refining Co. will operate the purchesing station for uranium- 
bearing ores established by the AEC et Shiprock, N. Mex. 


A new record in blast furnace production of pig iron and ferroalloys was set in 
1951 with 71,232,761 net tons. This is an increase of 5,700,000 tons over 


the previous record set in 1950. 


Aluminium Ltd. will expend bauxite-alumina production in Jamaica by 150 pct, 
from 200 to 500 short tons per dey. Alcan's new aluminum smelter at Kitimat, 
B. C., which will have an initial capacity of 90,000 short tons of aluminun, 
will receive the bulk of the Jamaica shipments. 


Production of slab zinc by U. S. smelters was 931,855 tons in 1951, 2 pct above 
the previous year. Domestic reqguirements of zinc concentrates for 1952 ere 


estimated at 1,100,000 tons of recoverable zinc. 


Ohio Mangenese, Inc. will build a $2} million plent to recover manganese from 
open hearth slags. 


The first detinning plant to be owned and operated by a steel company wes put in 
operation by Weirton Steel Co., Div. of National Steel Corp. Cspacity of the 
plant will be 300,000 1b of tin and 30,000 tons of high quality scrap per 

year, utilizing steel scrap from Weirton'’s tin mills. 


Curtiss-Wright Corp. has esked the Air Force to install a 12,000 ton extrusion 
press et its Buffalo plent. The company proposes to press out 12-ft propeller 
blades for turbo-prop power plants for transonic and supersonic planes. 


The creep resistance of magnesium-thorium alloys in the range of 500° to 600°F 
is the highest observed in any magnesium alloy. 
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Lighter Designs Possible With 


Magnesium-Rare Earth Casting Alloys 
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pertie e me oat outime 
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t tempe ture and the tensik trengtt ing obtained in each foundry From the foundry 
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In the interest of maximum quality and minimum Wigs respect to mechanical propertie 
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FST. VINCENT is Service Engineer and R. W. REBHOLZ is 
Metallurgical Engineer for Vanadium Corp of America, Pittsburgh 
This paper was presented at the Electric Furnace Steel Conference 
Pittsburgh, Dec. 7, 1951 
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tainle teel ingots are listed in Table I in the Re 
ler of increasing titanium content. Alloy No. 3 
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ratio of 20 to 1 for ; 
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hown in Table I the 
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is We the change in chemistry of the bottom 
materia tte ervice The discu on that followed 
the pape eflected the nterest in elect! furnace 
botton ind the appreciati that their installation 
eq ‘ ic? ipery all pape 

and dis ! n th ibject nstalla 
tior et? r Deal emi exclu or 


ence to chemistry, par- 


latively short time of 


ervice or i newly nstalled bottom, its Working 
irface become o changed that it bears httle re 
emblance chemu pt cally to the original 
installation. Afte ampaign, it is not unusual t 
nd or 0 t 0 pet MgO contained in the botton 
that contained 65 t » pet MgO when the bottom 
va nst ed The bottom mate al to a considerablk 
lepth at ich time essent lv burned dolomite 
grains cemented with furnace slag and often with 
i netw k f meta From these observations it can 
be com expendable 


ided that te made or the 


burned de mite dre r ipphed to the banks and 
botton atte each heat fecause of the difficulties 
asse the desirable qual properties of 
burned dolomite effectiveness of it usage, and the 

ried and severe conditions imposed on an electric 
furnace botton t not surprising that bottom 
performance difficult to evaluate Therefore, the 
selection f method and materials for a bottom in- 
tallation become one which enable an operator 
to bring }t furnace back into production with a 
minimum of effort and time fammed bottoms that 
can be nstalled ipidiv have therefore re placed 
burned in botton nd are generally accepted as 
tandard practice for electric furnace In addition, 
t becoming comn practice to pe idically clear 
mut and esurtace i bottom to Keep botton diffi- 
culties at a minimum. With the present interest and 
wcceptance rammed bottom and ince the 
ammed portion of the bottom becomes the second 
ne of defense vainst bottom trouble t seems ap- 
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ome proprietary 


At present 
behavior 


therefore only 


sented 


lar bottom ramm 


emphasize the 
different mate 
All material 


idle 


for 


to examine 


It includes 


rial 


ramming 


and properties are 


stock and mixed witht 


facture! ins 
test briquette 
AFA ramme: 


ammetr 


and th 
to obtain 


and compare 


on 


maximum density 


the properties of 
material 


bottom life, 
by no means complete 


ic furnace 


a elected roup of data 1s pre- 
test data on six of the more popu- 
ng materials that were selected to 
de variation in properties of the 
tudy were taken from melt shop 


to the 
in preparation for rammung 
rammed in an 
blows of the 
was tabulated 


water according manu 
riquette were 


number of 


Table | 


Material 


Chemistry 
Meo 
Cad 
S10 
FeO 
Fe 


Cro 


Kalk Density 
Lb per Ca bt 


Origina 
650°F 1 
at 2050°F ‘ 
4? t 2250°F las 
4hrat2500°F 152 
2 hr at 2925°F 4 

Apparent 

Porosity. Pet 
Orig 
at t 1650°F 
hr at 2050°F 
#hr at 2250°F 
4hr at 2500°F 
2r 


Cold Crashing 
Strength Psi 


Rammability 


densit 


o4 
24 
0.17 
om 
0% 
470 
15 
175¢ 
92 
187 
147 
16.2 


Properties of Some Bottom Ramming Materials 


280 090 
6 80 10 88 12 7¢ 
0 2 ow 
104 
OO 
4 65 1470 
1 165 1470 145.0 147 ¢ 
149 158 1480 1460 
2 1490 lane 145 
15a 168.0 158.0 148 
17% 
242 268 211 
182 25.3 276 25 4 
212 252 279 274 
206 248 288 278 
i199 1a.3 225 261 
22 & 79 a} 
77 975 
A490 ne 
2055 04 
40 270 200) 
42660 477 ‘B15 
747 140% 148 
‘ 716 11196 1576 
with and ‘ te bta max 
7 18 4 


as an indication of rammability 
of blows required to obtain the 
material 
good rammability 


for the 


tent need be 
ana 
accordingly 


briquette we 


density for 


Was 


The least number 
maximum density 


considered an indication of 


From this procedure it immedi- 
ately was apparent that a close range in water con- 


all 
was adjusted to produce 


density for 


made 


maintained for maximum rammability 


laterials. The content 
briquettes of 


and 


water 


each material enough 


0 allow duplicate testing 
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P ties of S | 
Bott R ing Material 
frequently, and various methods and individual . 
4 
tructior 
The a 
of any mentor the ‘ als 
ticle e ¢ immed density Little data has been 
presented on the physical propertie of the ma- 
terials and their behavior on firing ‘2 
1&9. 249 
4hr at 1650°F 126 24 > 
4 hr at 2080°F 1130 1640 
4? t 2250°F 145 1725 
jhrat2500°F 2005 2565 
2r t 292 214 4086 
shrinkage after 
Firing 
it 2925°F for 2 
Hr. In. per Ft 
number of biow 
— 4) 
| 
_ 


mmming Materia 


Fig 2—Sag bars of bottom ramming materials AC FEDE 
as they appeared after tiring slowly to 2900 F and turnace 


cooling 
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¢ Tw at dat ‘ 9 
hav between a dense nd pan mmed r 
/ rn t the we tery t ‘ il! the 
ithe t 
> ‘ with 19 b pe itt_and < 
; fe, ‘ to 292 F } 
/ hrinkave in. pe ft Ir hart 
| 
ait ten 
‘ ie é 309 2 ay i 
od hie t ‘ fr te 4 (95 pet MeO) rot 
j the he} f thy i rrocate 
net ted that a 4 +) fw 
It ia 


Fig 3—Appearance 

+ rammed test plugs 

of materials C and A 

The top foce was 

twed at 2950 F tor 
4 he 


Fig. 5—Cut sections 
of test plugs F and E 
are shown here 
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Fig Appearance 

of rammed test plugs 

of materials F and E 

The top tace was 

tired at 2950 F tor 
4 hr 


imbly 


and 


bottom of 


from 8U0U 
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y 
~ 
the tuation when burning in a immed bot only burned in to a depth of about 12 in and the ; 
The test bottom cor ted course olde portion j were Vouk al icr 
f 2400 f ilating brick, a n. course of burned Material F burned in to a depth of about 2 | = : 
" nes ite nd the 4's in. thickne of the rammea had only a narrow zone of triable n aterial separat 
bottom piu A wf which was esentially an et ng the burned face from the cooltet botton The : 
argved burner block wa placed over tt bottom and ther materials were burned in throughout the 4! 
the furnace fired with natural gas. The burner wa in. thickne but the fired face and to a depth of 
' t ned that the flame travelled ¢ cumfteret! from ts to l'v u contained rather large crack - 
t ound the inner portion of the roof with ne remperatures also were taken at the ==! 
rect impingement on the test plug and it wa the test section and a temperature drop of =! a 
heated essentially by radiation. Many different ma to 1350 F acro the 4! n. thickne of the ma 
te vere tested. The appearance of a few alte terials was observed after the hot face Was main- ; 
ay +} t 2950 F hown in Fig and 4 tained at a temperature of 2950 F for 4 hr. Th a 
Cre ectior f materials FE and F are shown in phase of the studi ncomplete It evident ie 
} ; The fusion and shrinkage and the resulting however. that sharp temperature gradients exist for . 
, f the ndividual materia a well a basic bottom material F 
chanye » streneth are well illustrated in these test There has been no opportunity to study in deta ; 
bottom plu In essence these test plugs completely the service behavior of these variou ammu ma . 
imn e the quantitative nformation gained fron terial In view of the difference found tor the vat i 
the previousiv dese bed tests and give a good in ous material howevel! t seer unusual that fu . 
pre » of eb behavior of a bottom on burning Ww nace men and operato have no definite mpre se 
The relatively good volume stability of material ons on the serviceability of the different rammuin - 
\ evident from F However, the n aterial material i 
4 
249 


Hydrogen 


Reduction 


Of Iron Ore 
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4 
largest unit empioyed was a alloy eel tube about 
1 ft diam and 4's ft lo heated externally by elec- 
trical meat Dh e was fed by 4 vit with the 
‘ 
fjownward movement of the ‘ With tt irmace 
4 ome oo i f ‘ i e treated t 24-? 
‘ The educed jrawr the 
botton th igh a wate ‘ 1 hie vered 
ibora y ve va i 
: varied from 40 to about 9U pct, and ‘ t ised 
were m rie ut it Serve { ere 
type f ore were used ! id retite and 
hematite and the effect of sn ary int f coKe it 
the charge was invest ted 
"here nothing w technica vith the hvdr« 
er educt n of ron ore \ mpu tie ict i 
t appeal that me ilphur ma he eliminated 
sipnu ore since Tf lroger educe 
othing but the on. the gal i¢ material rh the 
e are concentrated to the extent t which oxvgeer 
| t i 
‘ w eated re 
. xvgen. With hydrogen reduction it does not appea 
ht i th 
lifficult to obtain product in which metallic iror 
> mn done on 
, : From the data obtained, further work was carried 
‘ n eT nes had experience these 
, ‘ ‘ nai ‘5S nes to design a pilot plant of 500 tons pe lav usu 
pet hvd en as the reduci went. Coke over 
‘ i ‘ ‘ | 
livad ‘ ‘ natur: und pure Vere ! red as a 
ert ft ‘ ire et t ‘ 
irce of hyd er Iwo different processe if ot 
7 i eMipera rir the hvdrogen were cor wred 
) ti, th nt of stick 
| of It iifficult to come it with anvthing but ar 
- j mate of the cost unle the location of the plat 
kr wr tovethe “ h the tvpe of ore and the kind 
Bs ; , my © f raw materials that will be used. To reduce 1 tor 
; trred Rize of e has vaned 
on from FeO equire heoretically approx 
y rriaate 18.000 eu ft of hvad er t appa ent 
that the cost of hydrogen w be important. The 
ead a i} nt cor imed. howeve be tal 
, " ‘ this ‘ te ed te IM i are f the in int equired t educe the ore, a 
lditiona ba equired to manutacture the hy- 
irbe ‘ ind en and to heat the 
: . Based upon a study in 1949, it was estimated that 
vith coke over is at Loe natura i it po 
the with the tarw kilt 
“ M cu ft. the cost f pct hvdrogen w 
ibout the ime, <imately per M cu f 
t ‘ ‘ t try 
pane. the estimated tot.o pet hvdroger 
} ‘ hed between hvd wate 
apt Kirmately «0 cu ft and using coke 
ven wi ut ) pe i cu ft, the estimated cost of 
va Wa “ulelV pe ‘cul Tis 
‘ ece wy 
e cost itura is ut « per M cu ft, coke over 
‘ thy na culate 
is at 1l5e pe M cu ft, and e at $15.00 pe short 
pure va ‘ ised, Ufve } 
tor f contained ! an estimated ce¢ of about 
‘ ea emoved 
¢ 00 per ton of Wa btained. These estimated 
\ \ i i i i 
ost ipplv to the Pittsbu } iistrict To th cost 
‘ the eal ct aot 
sea must be added transportation charge the scray 
‘ the reductior ind mie 
ee ; eratior neludir the cost of iw material and 
‘ vertic: 
ild not be confused witt price 
it nelu and appra i ‘ 
nm ti mates he mount of re 
juired t beheved, estimated on the high 
‘ rhe ten ered by t? expe er ‘ 
oye Dheretore t pn t eductio 
W kW ed na athe na The 
j the « t would result a i more economical use 
f was achieved. These costs were based upor 
the proce n which Allegheny Ludlum w ! 
terested It felt howeve that cost j ’ thy 
processes would be of the same order of magnitude 
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and tt ireau 
i and developme 
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ron in one day. It wa 
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with gas rel 
n Since wa 
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development of 
it 


int where al 
this proce 
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im this 
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and Uw 
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robabiy 
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Deer 
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mace 


vary 
the 


from llion to depending upon 
proce whethe coke oven natural ga 
vas used timate if th a plant to produce 
f ron p reduction 

om 


rable 


f such 


ton of iron 
in I 


from $15 milli 


ide 


truction o 


cor 


nvolved 
nece 


plan 


Gove 


time would be 
would have 


plant 
an eme 


ipported 


ultable 


that thi 


oduct 


indicate 


furnace me 
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worked 
ge scale operation, but it 
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made f elected 

to of the 
available and at 


i) 


ore ils to be 


encountered 
rom 
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ore much 
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(195 crap price 
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hould be 
reduction 
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Other direct 
id some of these 
Furope under 
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reduct howevet! 
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in 
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when based upon the same locality and operating Changes 
condition further wok > 
The physical appearance of the reduced product Although pilot plant work has shown that atis- 
will vary, depending upon the method of productio! factory result ild be obtained by hydrogen re : 
Wher e of fairly large ‘ iv fron 4 to l-u juction of ore, there remau howeve furthe n 
lial ie educed at temperatures below the formation to be btuined fron irge scale Operation ‘ 
ftenir point of the n. the physical appearance before tt proce can be fully ev sated) Remova ; 
f the reduced e will not differ maternally fron f the reduced e from the furnace and protectior . 
that of the iginal product. Its apparent specih f finely divided reduced ore from oxidation are tall ; 
vravitv, howeve Will be we Where tine ore are bien In vertica haft furnace examy 
ised and where it is necessary to protect them from the question of channeling gases and only partial 
<idation in the air, briquetting of some kind prot eduction of the charge is an important factor, Con 
iblv would have t be cor lr nnectior le the amount of Bas nece to reduce a tor 
vith fine ore ‘ meratit producing nodule of ore, cor jeration must be given to the location ; 
has been studied; and this type of product could be of the plant. Natural gas seems a logical source fol 
made in a rotary Kiln operatior the production of hydrogen, alt? igh coke oven ga * 
Some quantities of hydrogen reduced on have can be used equally as wel Hydrogen also can be | 
wen melted in electric furnace Where the educed produced trom hydrocarbor ict i propane By 4 
e was a fa large «, it has been charged int ising propane entirely as a source of hydrogen : 
the furnace without any protectior and the ‘ iits cost { the educed ! would be cor iderably 
btained indicated that there was no undue amount highe Coal also might be used. It is felt that the 
f oxidation rt probably N ild be true wit? ise of any of these n ute ul i » source of heat and 
time re that have been briquetted 0 nodulized hydrogen fe the proce would bring the cost close . 
Ore that have been ground to a sma ize betore to 
hydrogen reduction oxidize quite readily in au A i ae 
pointed out, the reduction product will contal t 
iddition to the educed irot a of the gangkuec Ma 
terial in the e Wit es contuining 8 or 9 pet of the p=_ ma large scale : 
eangue. there would be a considerable amount of At present, there probably no equipment in ex ' : 
angue mate! im the educed or Such a prod- wr educed on could be 
uct might be used in electric furnace practice, pai me available in quantity in the immediate future i 
ticularly as a part of the charge, 0 it except at time Various estimate have been made on the cost ot : 
of emergence th product undoubtedly would plants necessary to produce this product. For ex | 
meet with objection Therefore, it means that un ample, U tof the plant f produci ifficient | : 
le ibsequent operator ised to remove the 
gangue material from the ore which ts not too ; 
practical, con leration will have to be given to the 
amount of gangue material in the ore used, and it ic 
has been stated that the gangue material in the ore - 
should not exceed 2 « pet when hydrogen reduc ve * 
tion ised the 
Many details of the process have been worked out a ; 
n a small scale involving pilot plants where pro- to be ' 7 
juction has been comparatively small. During regency 
World War II, Republic Steel Corp. carried out hy- measure ch 
jroger eduction at thei Warren. Ohio plant This A review of the work done on reduction of iron a 
plant ut ed a Herreshoft furnace and a gas com- ore with hydrogen to produce a aT Ps - 
posed of both hydrogen and and for electric iting would : 
was designed to treat 100 tons of ore per The proce well might be con ' 
plant might have operated under some Pe emergency. There are stil | - 
is it wa tipulated that the plant be icted out in connection with la . 
ising readily available wa is felt that the difficultse 
eventually discontinued, presumab] of pro \ product 
duction cost 
The Madaras Proce as been operating on a pilot 
plant ba 1 a number ot eu * 
work. The reducing chamber i 
ble of making 8 to 10 tons of I 
charge and 100 to 150 tons of = : 
reported that the difficult ‘ been oper. 
largely mechanical and c uld ‘ conditions 
engineer ind de ur The test were carried on The direct | 
en and high in not be the 
to greate! 
industrial is 
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teel Industry 


The present status and expected 


future developments of 
india s won and steel 


industry are summarized here The 
presented im an address by Phiroz 
President of the Indian Institute of Metals 


details were Kutor 


‘ t thie pment the aut 
king industric I 
‘ ‘ needed An ler 
‘ ‘ heet. et It «i 
: mmunu! ndust been estal hed, and 
t? fuct it ead test muy nvest 
it tior t lead ne deposits of the 
it the ip} would be mitted 
| nm re iret estimated at 10 billion ton 
} ‘ ‘ ocuted in three zome i 
tert re my leposit m Or iand at 
‘ hbhur n Biha 2—Centra ne with deposit 
' t tea nt t! t t f Raipur, Drug, Chanda and Bastar 
t ! head Mad I fest ind Southern zone with 
ar 
i t ‘ sandur and Saien ihe mis 
| ave bee Mall Qual it ol 
4 f ter? ome It w iid be de rable to se 
t the nited State ind Japan where capita 
te i rie word in be bought To do tt 
eve vould re lire tappir inworked deposit 
j vidur ns} tat ima dock tac ite 
th India ne of the chief f manganese ore 
mined nd te ove 8 pet Mr 
\ C ' « been exploited. No attention has been paid t 
‘ +} ‘ y oracde re which account 
: ‘ 0 pet f the tota itput Methods of 
nvanese ore e primitive, and mechaniza 
t f ner efficiency Ind 
i be ble to ea rhe amounts of foreign ex 
¢ than mar nese The pe bilitv of 
: ‘ 7 " nufacturing fe manganese n the electric fur 
‘ have to be cor lered, a t lifficult t 
nese in the blast furnace that w 
ot na in phosp} i cor 
‘ ‘ iwh high grade ores could be 
' ‘ ito meet the mar nese demand, available coa 
shar ) net ni ry} \ net 9° 
the alert Ir the elect cf 
2S). 952 
‘ 


nthet vas done by Hatch and 
th the to eq t te the meta i 
the nace t emeltir n the 
it Ir the et f « ‘ ment here er ted 

blast furnace were used for all the in 
ments were divided into tw ips: 1 , 
it ¢ three d ent temperature t re 


here of bon n lew ised t mulate b 
nace ¢ 
The f if th 
hi nace used ition Was a Ve 
tically mounted tubular Globar type with two cor 
ent elain tubs nside the heating element 
The nt couple wa ocated between the tw 
“ ntroduced through a mer« eal at the bot 
n f the inner tube. On top. a head (witl 
nd nt) ded acct f mple nd a 
tlet tube prevented a fron ICKIT 
nto the fu ce. The charge ed wa n 6 , 
the time ‘ ‘ ‘ iw 7 f the 
id t i to-metal it of } 
mates the average f blast-furnace practice 
h commor nges from about 06 to 11. A 
iwible of AUC nphite containit the above cha 
} nt } 


furnace how: 1. The evlindrical crucible 
A 2 it I 1 in. OD. The f nace ‘ held 
( the te ed tempe it e to a the 
, The temperature « hecked after the end of 
each nt lushir the inner tube with a ind 
it iplatir platinum-10 pet rhodium therm«e 
the tion pre i ccupied t ne 
cible: the temp ture of the n ov af the ir 

' h « er than the deviatior ecitied at ‘ 

The checke igait t tar 1 1 ipl 
which had P brated at the old and palladiun 
oint nd against a Bureau of Standards couple 
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As Determined by Remelting 


Fig |—Expermmental 
arrangement for re 
melting blast furnace 
metal and slag im 
side tubular Globor 


turnace 


Equilibrium Between Blast-Furnace Metal and Slag 


GRAPHITE 


- 


The carbon monoxide atmo phere wa prepared 
issu CO ‘ inular graphite at about 
1200 C. It was purified by bubbling through a 30 pet 
olutior f potassium hydroxide and pass- 
thre h ascarite and phosphorus pentoxide. The 
tral nd connectior were all gla except for a 
few butt ints where ibber tubing was used for 
flexibility. The ite of gas flow was 25 to 40 ce per 
min. As atmospheric pre re prevailed in the fur- 
nace, the pre ire of carbon monoxide was only 
hehtly higher than the partial pre ire thereof in 
the best ind hearth rit of a blast furnace by 
tue of the elevated total pre ire therein 
Simultanec amples of blast-furnace metal and 
a vere taken for these remelting experiments 
The composition of eact iven in the first line of 
Table ere cor jerable uncertainty as to the 
en temperature in a blast furnace at which 


not n fre Liat 
ment n the furnace, t 
edge of the one 
ccur. (Do they occur | 
nterface in the crucible 
th thy lag ‘ 
metal are spla ! Ver 
‘ ature are e of t! 
ie ibout 2600 F. ane 
vhict i ] ibou 
neertaint emelting t 
1400, 1500° (2732°F 
eries the d ition of remel 
cible and conter 
ihe adait ‘ ‘ yore 
te the icible i? 
t e-fittir ppe 

i Pp} 


th 
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). and 


incertainty 


temperature measure- 


t also from lack of knowl- 
the lag-metal reaction 
incipally at the slag-metal 


‘ as the metal is descend- 


mre 


even higher a lag and 
the coke”) The known tem- 
metal at cast, which aver- 
of the cast or flush slag 


100 F hotter. To bridge thi 


ratures were chosen a 


‘ 
1600 C. For the time 


was 1,2 8, 17, or 66 


were quenched in brine 
quenched by rapidly trans- 
contents from the furnace 

mold Of incidental in- 
it the slag wet the crucible 
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NE of the mi poses of th nvestigatior ™ 
Wa letermine how far bla irnace metal 
espect t ilphur distribution. In studying the equi ? 
iit im between Dlast-furnace metal and siag, there 
ire tw he that rn be ed. One method 
| 
the time required for metal and slag to equilibrate e jit 
espect inde the experimental cond! MT ROLLED- 
almosenes 
tor f remelting, and 2 in addition series to de ” ee. : 
termine the effect of additions to the slag on the ; 
= 


Table |. Composition of Remelted Blast Furnace Metal and Slag 


Metal Pet slag Vet 


Addition se 
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‘ 
> 
+, 
Fig Remeited blast turna meta and slog 
tep te Hettem fet te ae 
hig ght Remeltted blast turra meta and lag 4 x ; 
. ‘ te oe Hettem 
Ha final te tial teteal ac + mete 
od ws equ } ny va approached 
‘ ‘ it the higher temperature at 
" COP lerat ipid than ex 
P ‘ trem eas jeration of the k by Hatch and 
“ i ¢ } te f the i ng. Oniy 
' ‘ rt a time f2h ifficient f 
‘ ‘ r } A the effect of time t temperature on 
nm content the met nd There wa 
‘ +} +) ntent the meta at 
ent ‘ na while at 1400 C there was a 
| 
Vdait Me Meo theo aro tat? MgO 
Serie 
: 47 
e 4 ‘ 
¢ 
2 
2% 42 9 t 


a 
‘ 
Fig 4 lett —Remelted blast turnace metol and slag 
Change of manganese os a function of time at temperature 
Vet Moin metal Center Pet slag Bettom 
= Pet Ma distribution cer Metent 
Fig 5S above Remelted blast furnace metal and slag 
Evaporation loss or gain’ of components at 1600 C based 
1» assumption of no gain or loss of CaO 


ed. There ery little le if the sulph 


or the Vsten while there ts 


‘ 4 i that ble f manganese and magnesium at 
the SiO the ire HOO ¢ The maximun of manganese in metal 
‘ Phe fact that about 46 pet of the iginal and that of 


by the re 


the bot } A ! dicate lr te t nvestigate the effect of moderate 

t the tot t f ‘ m | hanue i composition on the ilphur equilib- 

‘ ) eust ‘ HOO ( t ir . 5 pet addition of either CaO, MgO, ALO, 
nificar + 1400 ( SiO was made to the charge In thi eries of 
There t te ents the time of holdu aut 1400 1500 or 

, oration) from the met to how 600 C was at 17, 4, or 2 hr respectively The time 
' 00 11600 vere chosen to allow adequate time for sulphur 
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Isothermal Martensite Formation 


In an lron-Chromium-Nickel Alloy 


The isothermal formation of martensite at subzero temperatures has 
been studied in an austenitic stainless steel. The amount of martensite 
tormed isothermally in a given time was found to follow a C-curve behavior 
with decreasing temperature Since ssothermal martensitic transformation 
occurs at temperatures above the true M_ temperature of the alloy, the 
observed M_ temperature ts dependent on the cooling rate. It 1s believed 
that a general martensite theory must include the basic concepts of the 
strain embryo theory, and also the important role of thermal fluctuations 
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tainir ncetant temperat jown toat ¢—78°¢ eadings were taken when the bridge wa in perfect 
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irement of the electrical resistance using a Kelvur jensity of each phase was ihe cal- 
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site plates metallographically The X-ray inte- austenitized at 1095°C for 20 min and then oil- : 
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powde reflection intensities. This was a result of eased linearly with temperature until some mar- : 
the preferred orientation of the austenite grains I! tensite formed. The transformation resulted in a 
the wire speci mm—NS | tive deviation from the straight line relationship 
Since the Hii methods were not applicable, a Thi howr n Fig 1 where the bridge reading : 
jensitvy method wa ised for the calibratior The R,, are plotted v the temperature The M. tem- : 
lattice parameters of both the austenite and mar- perature ndicated at 7°C. Identical results were 
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er from the homogeneous § field, 
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Mo. Pet 
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ER. 
K NOWLEDGI ¢ the transt mation 
tand nd Heat treatment ntended 
expected that ne { tudy lirected to 
! ‘ i t i ti il im cor 
tainir 4 nd 11 ct M espectivel 
The results so | ented were de ed from meta ; : 
Vas Gone to clarify certain points of question ‘ 
PERCENT 
ro the aut! knowWled2¢, 
been used to de be the reaction rates of ecutectoidal 7 
lecompositior It seem that the kinetics of bars for The == 
lecomposition of any unstable solid solution might invariant procedure. 
be nvenient { bed in tl mant The equi- fo 20 
bath held EP corresponding 
degree of After a presc 
bilize the 8 phase to increasingly lower tempera- of time at temperature, the \)—_—_ -- x 
&The solubilit fy vybdenum in the a phase quenched. A 
to, ts than 1 pet at 600 °C. Under no ressively lol 
to a temperature in the 8 field will reject a of 1 of the pI 
vo = mi tion. The te at which th occu temperature . 
iepends on the degree of undercooling and the de- Alt h heat treatment of Ui sp - 
ip t ‘ it n rhe t ‘ t ‘ cha 
of the ejected phase ma i be expected t be E 
related to the undercooling 
bult Specimer in. thick were cut from these 
Ti, Pet 
I 99 71 M 9 
x 
02 N x 
) 014 ) x 
N 
H 
— 


pct Mo alloy Fig 4—T: 9 pet Mo alloy 


Etchant 60 pct glycerme, 20 pct HNO, 20 pct HF 


Fig 7-60 min 


T; 3 pet Mo alloy held at 7 for wndicated times prior to quenching x750 
tichant 60 pet gives pet HNO “pet HE 


Fig 930 see Fig 10—10 min 


held ot 7 C tor indicated times prior to quenching. X750 
Opet HNO. pet HE 


Fig 13-60 min 
C tor wmdicated trmes prior to quenching x750 


pet glycerine pet HNO, te pet HE 
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> . - = 
Fig | pet Mo alloy Fig 
figs 2 4 Ti Mo alloys sm the as quenched condition X 150 
~ > 
Fig Fig 630 se 
* 
> 
— 
| 
Fig 
Pichant 4 
~ 
& 
Fig pet Mo alloy held ot 7 
(i 


chart for Fig 15 TTT chart for Ti 3 pct Mo alloy 


Fig 16 TTT chart for Ti 5 pet 


Fig | TTT chart for Ti.7 pct Mo alloy 


TTT chart for T:-9 pct Mo alloy Fig. 19—TTT chart tor Ti 11 pct Mo alloy 


ron 
and the 
mn that me 
been estat 
The line 
broad 


. 2 j 
> > 
Fig 14—TTT 
— , 
— - - 
bad 
— 
— 
Fig. 18 
exhibit a uniform acicula tructure. As may be seer nucleation and growth proce The characteristi 7 
from Fi 2 and 4, the general appearances f this type of reaction are well know: and it w : 
change omewhat wit! ncreasit moivbdenum car iffice to mention that the reqectior of » from * 
tent. It is generally accepted that an eflicrent wate hows no unusual feature 
puench provides a oling rate which ts rapid enougt lo determine the structure of the a phase at ite 
to almost complete ippre the decom} tion of ibtain some idea of the extent to which is con 
an unstable phase, by a nucleation at i owth mect verted to a a ser of quenched powder ample 
anisn k m it irge volume t is reasonable t with from 1 to 11 pet Mo was examined by X-ra 
conclude that acicula tructure belor t the diffraction. The ling rhe phast could be 
fami of metastable phase wi h form by ore readily distinguishe r sharpne lent 
diffusionte proce ind which, in ferrous termin- port to the assumpt gnificant concentra 
logy, are referred te martensite lr ecent yea thon gradients haa ished by a diffusior 
it has been recognized that this type f transforma dependent reactior belonging to the new 
tion 1 juite common bow m fe ous and in nor phase were generall nd diffuse. They were 
ferrou ysten Not the martensite type of re dentified as the pattern for a hexagonal close 
action confined tf 4} essed eutectoid transforma packed structure with an axial ratio, as wt las could : 
tior but. as in the case ot Fe-N miu accu be estimated from broad line which wa erv close 
in systems with oper ( ) fields. Ir ne with to that of the normal equilibrium « phase. It ma 
nomenclature which has been used int ‘ nt therefore be reasonably concluded that the acicuta 
it is proposed to refer to U phase a as distinct tructure Is a ipersaturated «a phase havir the 
from the normal equilibrium phase e« composition of the original 8. Similar conclusiot 
On examination of slow cooled specimens or spect- have been drawn regarding the nature of analos 
mens which have undergone othermal heat treat- phases in the Fe-Nr and the Fe-Mr veten 
ments at moderate undercooling tempt ature cle The diffraction patterns furthe howed that the 
composition appears to proceed by a time depet lent proportion of 8 transformed to a’ on quenching t 
oom temperature decreased with increasit t 
ienum content. An 11 pct Mo alloy showed or ‘ 
“I 
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Ti 3 pct Mo alloy quenched 22—Ti 9 pet Mo alloy quenched 
raved to 700 C. and held » 454 C. rawsed to 600 C tor 12 min 
quenching X75C 
t glycerine, 20 pet 
pet 


Isothermal Transformations 


Determination of M. Temperatures 


quenched to 
min prior 
temperature vs molybdenum 


pet HNO 
content 
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Fig 20--Ti 3 pet Mo alloy quenched Fig 2 
4 i+ held to 66 
min preor t juenching x7 tor 
ort me 
ty t ted tye ne- these two level two continuous curve lelineate the 
d tation of Phe metal determination of the M, ter 
; ' ‘ known Greninger-T ino method” This method de 
‘ tt te le wher nf t that n temperu 
enc? t t ‘ \ iit mit 
: ‘ f +) Gre ‘ I method wa 
1 rir f i 
‘ 4 ‘ it i il ! t as wit 
ext <ect Betweeor +} ‘ the Kriet ne aid 
. 
wy 
Ny ; 
Fig 23--T) 9 pet Mo alloy 
$78 d to C tor 
ywenching X7 
pet glycerine, 
pet 


T:.9 pet Mo alloy held at 700 C tor 2 sec prior to 
quenching. X750 
Fichant glycerine, 20 pet HNO. 20 pet HE 


Hardness of Heat Treated Ti-Mo Alloys 


vere il DservVa 


Fig 


26—Hardnesses of an 1! pct Mo alloy tsothermally 


posed at various temperatures 
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tu teas neat treal ‘ - 
te t The thermalls fecomys ed dark 
been quenched to ter ‘ t bove nd be the : 
ae ¢ 
lependence emperature vt 
fenu! ntent istrated in Fig. 24. It w to 
I P accordance 
Al a \ Extrapolatior the line intersect 
the tempe ture Ne the nve lsothert tion heat treatment per 
temps ture pu titaniun r | on old ere 
‘ i eorment with the behav the \ f tvpica hardne time 
ju hing 
ten curves f an 11 pet Mo alloy hown in Fig, 26 ‘i 
While 9 pet Mo exhibit ny} tu r n quenc! The hardne trend milar t ave hardening u 
ng directly t om temperature, the 11 pet Moa that the peak hardns« ceu 4 about the first 7 
\ Die ippearance of lecomy tio Further the 
time f peak hardne ind the magnitude of the =e 
peak increase With decreasing temperature 
ace lance with norm: get fening behav 
Reheating of ienched alloys vield esults whiect 
depend upon the amount of retained A 1 pet alloy j : 
— ture of reheating \ Vs containing 7, and 9 
pet M how succe velv increasing hardne peak 
n reheating. Fron ir knowledge of relative pre 
portior of and 8 on quenching t oom tempera | : 
if evident that these hardne ncreases re 
flect the othermal decomposition of retained p. It i . 
would appear fror these preliminary experiment 
that direct thermal heat treatment pre Vide i : 
per control and maximum harane to any con | 2 
bination of quenching and reheating cycle | 
Summary | 
1—It has beer hown that a iturated : 
present n apparently undisturbed tield of residua nose may decompose eith< by nucleation and 7 
adic ippre or 0 eu! be diffusion transformation 
lerive fron t of stabilization. As an exar 
1000" to 100 © and held there action rate information may be represented on con 
jyuenching, shows no ¢ lence of n entional TTT chart 
atior The icture upparently n The M. temperature f formation is linearly 
pletely i ea the the and rhe i jependent lybdenum content Dominant ta 
‘ vy. whe jirectly quenched it water, exhit bilization effects become operative above 9 pet M 7 
nounced tructure ee Fig. 4 Presumably 
yuench an 11 pet Mo alloy t om temperature rhe auth wish eXpriiifir appreciation of . 
ifficient t ippre the formation of a the pons hu f thi project by the Flight Re 
earch Laboratory, Wright-Patterson Air Force Base : 
Dayton. Ot for their permission to publiad 
Son) th pape 
f interest. and are therefore reported. As-quenched Some of the introduct work on tl project Wa 
' inesses fall in the general range of 290 ft sustel carried out under the per on of J. P. Sheehar 4 
with? pu ila i it cu The metallographic preparatior ind photograpl 
iv whether the contributes hardne ve ind bv Johnsor 
at e that which the 8 structure would have at roon 
temperature. The hardne of stabilized 8 in 7 and 
> pct Mc higher than that of mixture M. Hansen, E. I D. Kessler, D. J : 
McPherson: Tra 191. p. 881; JouRNA! 
Howeve th mav well be a pre-precipitatior ‘ . 
I ill ith or Metats (October 1951 
H Bumm and V. Dellinger: Ztsch. Metallkunde 
plete etained ; as a hardne f 300 VHN, while 137) 99 » 29 : 
9 pet alloy which nas 3 ee ie 4 R. Troiano and F. T. MeGuire: Tra AS.M 
; esses a hardne f 350 VHN. These erva 1943), 31, p. 340 : 
lo not re e the question, but would seem to lt \ B. Greninger and A. R. Troias Tr ASM 
jicate that a’ does not have as predominating ar 1940), 28, p. 537 : 
nfluence as martensite in stee Met Ha k, pp. 265 (1948 Cleveland AS.M : 
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Solubility o n en in Molybdenum 
olubility of Carbon and Oxyg Molybd 
| me time that bot? nts 
ise brittlene nm bdenun Parke nd Han 
i ted that 0.0025 pet O present in molybdenun , ed after th ted ‘ empe re 7 
fte jificat from the meit wi ifficient t 
be forged. Howeve adding t? amount of carbor : 
bic n freezing These carbides are precipitated > 
t tin boundaries, and Rengstorff and Fische use 
have hown thev have an untavorabie effect om the . 
m-temperature ductility of molybdenum. Take carted 
2 
n 1928 proposed that the it tv of carbor Nid artic 
if tant value of 0.30 pet Tron oom temps ture \ phase 
ip to 1800 C. In 1935, Sykes, Van Horn, and Pucke 4 
btained X-ray data suggesting that the sold i © phased 
bilit f carbon in molybdenum was between 0.0% 
ind 0.09 pet at temperatures from 1500) to 2100 ¢ 
The ibility line for carbon was included in the Contained ex. 
Mo-C diagran ven in the Metals Handbook as a 
tentative line based on the data of Syke Van Hort ess. 
In order to determine the partial phase diagran bide 
{ these ysten it Was nece ary to construct a “ Are 
high-temperature furnace iitable for 
molybdenum at temperature up to A 
molybdenum re tance furnace was built for U perature he argon was purified by passing it ovet ! 
purpose in whict amples could be heat treated i titanium at 750 C and then through a magne in | ee 
i purified atmosphere and juenched from any ae percents ite a n towe The hydrogen Was puri | : 
ired temperature fied by pa ! t through a commercial hydrogen 
feoxidize followed t dryvu towel 
Spe met havi different mmitial carbon content 
tu of lvbdenun i} were heat treated wu irgon at 00 F for perod 
plied by the Cl o. and 18-gaxue fram min ind were analyzed for 
molybdenum wire ample produced by powae carbon Sampk f the me final carbon content : 
metallurgy at the Fanstee! Metallurgical Co Vere ) i the ame n ostructure ‘ ardle of time at 
ised in determining the a-so ibility line for the Mo temperature Furthermore vradient between : 
( vsten The cast molybdenum contained 0.032 oon and irface in the amount of und olved Aa 
pet C initially. Two lots of 18-gage wire were used carbide particles present was never observed It 5 
ne ntaining 0.011 pet C and the other 0.005 pet C was concluded that at these low carbon level and : 
nitialls All material contained a carbide phase a it the } h temperature nvolved, diffusion pro ’ 
eceived. Fis l istrate the carbide found in the ceed apidly that the pecimen i alway it " 
intreated material tantially homogeneou n carbon content, in spite 7 
Heat treatment in a purified hydrogen atmosphere of the adua nm carbo a 
was found to reduce the ca the as- Based on the above findu the following pro- 
cast molybdenum. Purified burized edure was used to determine the carbon-solubility : 
molybdenum samples at tem} 00 F mit at 3000 00°. and 4000 F. At each of these 
howeve the carbon content int dur- temperature » numbe of imple were heat 
n heat treatment in pul fied a r t wer tem- treated hown in Table I and rapidly cooled to ‘ 
om temperature Simee the t carbon 
n proportion to the ter th of tia a@ series 
f samples were obtained of vary Z=__ 
B ise of a rapid cool rate, the phases present at 
the high temperature were retained at room tem- = 
perature 
\] imples were examined microscopically. Those 
found to contain either no exc carbide phase o1 
only a ve mall amount were then analyzed for 
bor The imples actually analyzed for carbon a 


Fig | lett Typical carbide por 
bserved in both as cast and 
lybdenum 


ticles 
powder metallurgy m 
when recewed 
Area reduced approximately 
pet for reproduction 
left fast molybdenum 
Pewder metaliore, 
melyvbdenum 


right 


below Solubility limit of 


arbon im the Mo C system 


staining pet quenched 


Molybdenum sample 
in selid selution 


t has bee e* te from om ot All carben ts 
graphs of molybdenum samples studied im establishing the solubslity lymit of carbon 
lwhdenum Area reduced approsumately pct tor reproduction 
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( bdenu +} ests that. at temperature hove 2000 F 
¢ Mot Vat pre ire, Howeve t could be that MoO 
her the tile wick nd that the blue-black 
f ‘ tate bserved un the le portior f the 
; hit emy ead ibsequent page Vithout at 
ter ptir t t the i ai dial 
‘ thr er bdenum were tned. An attempt wa 
— wm sample 
selut 
Fig 3— Rey 
n 


Fig 4 lett —Specimen assem 
bly for heating molybdenum 
wires on low pressure oxygen 


Fig 5 night —Pressure neces 
sary to produce a solid oxide on 


the surface of the wire 


in 

However, a 

a tendencs 

ze the ox 

! evcle in trying 

1 condition Such tempera 


been the ci of the internal 


oxygen and then | rt com 
thought t at ‘ film might 
urti which ist for 
across the 

Furthermore 


would disap 


Table 11 Results of Heat Treating Molybdenum in an Atmosphere 


of Low Pressure Oxygen disappeared 


would be | i ve time the sur 


d re would 
Time Atmos 
phere olved oxyge j ibrium 
Type of Treat araphic Pet by ] i at tempt rat } about 
Molybdenum ment samination Weight 


Fig 6—Solid solubility of oxygen in molybdenum 
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ree 
termed between 
\ 
\ 
are 
ba : 
am 
ba 
\ 
‘ 
le t ise a flowing atn phere f pure oxyger ’ 
ta cont ed ww pre ire ich that a thir “ave The temperature dro} : 
fn bdenum oxide was maintained n the wire creasing the current fi 
irface. It was planned to remove the surface ON the temperature was 7 
ie film. either chemically or mechanically, and t to exceed the desired t -_— 
then ar e the wire f oxvuer The procedure de film, and then repe i 
proved unsuccessful because it was f ind that ox to establish the desire | 
ie was formed not only at the wire surface but als« ture eveling may have i iii ; 
helow the wire irface The reason fe the internal wxide formatior 
xide formation under these conditior not cleat Next, an attempt wa made to use a ck ed systen 5 
but it may have been caused by tempe ature fluctu n which the furnace nitialls harged with a 
itor When an oxide film was formed on the wire low pre ire of ; - 
irface, the en vitv increased and the temper pletely. It wa 
ture dropped several hundred degrees Fahrenheit form on the w 
ifficient time t 7 
wire but ove nt i! 
| 
| 
x 2¢ None ast Excess oxide | 
) Exce wiche @ - ow 
tee ‘ Puce x te 
tee 24 Single phased 06 0046 
tee wire 24 2 Single ed 0042 
tee! wire 2 ‘ Exce xicte 128 * + 
F po . 2 ) Exce x icte 4 a00 
teel wire 2 ) Exce w om e 
2 Single pt ed “4g 
tet ‘ 2 2 Single pr ed 4 
= 
Fanstee! wire 2950" Single phased ‘ 4 
tee 2950 ) Exce wide 67 
x 59 Purtfie Single phased od | i 
*A pet a 
eve ‘ ‘ by per con 
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nide particles observed in cast and powder metallurgy molybdenum 
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Fig 7—Typrcot 
i hort the on vitv difference betweer the nd 
‘ it the rue 
trat ent ire required to maintain 4 
' the temperature range 2300° to 2950°F. F ; a 
‘ t the er ‘ ire jst to produce 
‘ mn the wire irface temperature 
ibe t nted it that tl curve not 
t { esent the oxygen pre ire mn equilit im witl 
bdenutr oxide rathe! it epresent the 
‘ ‘ ire iin the cold portior oft the 
\ me «) at which the ite f oxide formation ba 
thre mows the ite ‘ wick we ition.* At tempera 
i ’ tu e 2950 F. the wire reduced in cro on 
' » wt ‘iw that experiments could not be pet 
med satisfact y 
t ternpe ture The heat-treating conditions and resulting oxygen 
‘ iby vacuum fu n) of the 
q t t t treated in the bove manne ire given in Table II 
hitvt hie sbilit ne, as determined from the data 
: ‘ | ell presented in F t The ne in F t 
t} iat en, 1 bdenur xide, and 
t t ti iu? t veve that the xVuen pre ir¢ led 
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Influence of Carbon On 


The Lattice Parameter of Molybdenum 


At very low concentrations, carbon dissolves interstitially in molyb 
denum resulting in a linear expansion of lattice parameter with in 
crease of carbon in solid solution. Geometrical consideration of the 
relative size of carbon atom to size of interstice approximately pre 

dicts the observed volume expansion 


te ‘ ‘ ‘ 
the cceurre j t the 
} j tn bute he 
titue Ca luce ty i 
ihe appree ble chanwve th te ‘ t the 
i it t « t moly pce it 
ij mechar il pertie the t 
tor liamete of bor nad me lenum (the 
P f ator lamete 0.59) are ind tive, by 
vit? it cart tor aia te 
t liamete 065) fa pe ble te 
titia i tior If carbon d ‘ terst 
tla \ rn vodenur ‘ tic effect i 
effect a ‘ orve thy 
entered ‘ t met iia tu expect 
However, from the « Sykes, Van Horn, and 
I ke tr ht be inf ed that « I for r 
effect irt non the ttice pa i ate 
denum if eate letail than heret 
All heat treati lone ir h temperature 
1 bdenur rhe temps ture i time of heat 
treatment were determined from the hut t 
mit ¢ the Mo-C ter These heat treatment 
vere ca ed out n ars which fied with 
espect to N nd HO Puritication of the argor 
was accomplished by passing the argon over hot 
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0 C) titanium and the through a magnesium 
I ite d ! t ‘ As many a x nple 
Vere ent nd quenched at ad ent 
t te iptir the furnace cycle 
t? t the fu ace atmosphere and ability to 
rench samples from any temperature up to 4000 F 
‘ ne importance in the iccessful heat 
‘ ent of sample for the lattice parameter in 
Carbon Analysis 
Phe Leco Combustion apparatus was used for car 
t ipparatus capable of an accu 
acy of 0.003 pet for a 1 g sample in the range 
below O10 pet However it felt the degree of 
mewhat better than tl limit im view 
of the cor tency evident by cross checking a num 
f determination The Battelle Analytical 
Liat i y con tentl reported check esult to 
t? 000] pet ¢ 


Phe molybdenum wire specimens (20 mils) were 
efully filed down to about 12 mils and then 


etched th nitric acid to 8 mil Carbon analyse 
vere made or pecimens before reduction in “a 
howeve nee there was no evidence of irface 
carbul ation, it 1 probat le that the carbon wa 

formly distributed throughout the ample The 
‘ tant pecimer were train free and small 


enough to minimize the error in the lattice parametet 
leterminations due to X-ray absorption 

Diffraction patterns were obtained with a Debye 
Scherrer powder camera 114.59 mm in diam utiliz 
e Straumanis type asymmetrical film mount 


Nickel-filtered copper Ka radiation and zit 


im-filtered molybdenum Ka idiatior VOTE 
ised Laine position on the film vere mea ed 
with a traveling microscope equipped with a vernier 
permittu measurement to 0.001 em. The 
‘ ‘ f five ‘ fir Wii ised to determine the 
f « cr rye 

The ittice parameter for each specimen was de- 
ter if m the data by the « xtrapolation method 
Bradley and Jay e., the intercept at 90° of the 
t ht line obtained by plotting the apparent lat- 
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element carbon, occurru n molybdenun 
una fluble impurit ‘ purpose 
i 
X-ray Measurements <i 


2005 

PERCENTAGE CARBON BY WEIGHT 
ttice parameter measurements of 
jenum eith varying carbon ntent 


fer to ie numbers data fo 


Results of Parameter Measurements 


lybdenum Carbon Alloys 
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Preferred Orientation of Arc-Cast Molybdenum Sheet 


The predominant orientation in both straight-rolled and cross-rolled 
molybdenum is the 100 [110| texture. Upon complete recrystallization, 
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orientation. A secondary orientation about the {111! direction as the 


axis develops in cross-rolled sheet 


Compression-rolled sheet exhibits 


random orientation in the plane of the sheet. Some mechanical properties 
wer? measured at varying angles to the rolling direction to determine the 
effect of preferred orientation on anisotropy in molybdenum sheet which 
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perpendicular directions In a 
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the first pole figure to deseribe the texture ot 
traight-rolled and cro rolled molybdenum sheet 
ro increase the knowledge concerning the genera 
tion and effects of preferred orentations in molyb 
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ne the effects of vamations in rolling sched 
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ome mechanical propertse The onmentations of 
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duced by these various rolling procedure 


Texture of Cast Molybdenum Ingots 
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normal to the cold surface of the mold: that ts, the 
[100] direction parallel to the longitudinal ax 
of the ingot. This substantiate recent work by 
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as rolling directte as rolling plane 
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Plastic Deformation of Magnesium Single Crystals 


Plastic deformation in magnesium single crystals was studied by tensile 
tests at room temperature utilizing an improved preparation and testing 
technique. Consistent critical resolved shear stress values for basal slip 
were obtained. The advent of pyramidal slip at room temperature was 
rationalized upon the basis of grip constraints. A bend-twinning hypo 
thesis was advanced as an explanation of mechanical twinning which 

occurs as a complex stress-relief mechanism 
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Fig. 3—100 pct aciculor Fig 4 Aciculor 
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94 pct Cr alloy slow 
cooled from 1200°C 
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Fig. 10-—100 pet 2ZrCr 
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technique was used for the low chromium alloy directly into cold vacuum oil without breaking the 
The higher « hromium allovs were br ittle and thu vacuum seal Constitution Diagram 
‘ ilv cr } 1 te f ness of 200 mesh. Use of th 
asuv crushe a inene < mesn th 
i lered materi l gives n ve reliable valu for rap The diagram as determined in thi investigatior 
i i I l ilu the is presented in Fig. 1. The olubilitv of chromium 
relative intensities of lines in the diffraction spec- 
in zirconium was not determined precisely and wa 
rum and this became important in determining the a ‘ tligibly small. The jeavor to de- 
assumed to be negligibly small he endeavor t 
complete structure of intermediate-pnase termine the solubility at Variou temperature by 
Heat treatment of all alloys was carried out in metallographic techniques was made increasingly 
vacuum furnaces capable of heating the specimen difficult by the small amount of Zr-Fe eutectoid 
to 1200° or 1450°C. Furnaces were constructed in always present which tended to obscure any effect 
of the 
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On the Mechanism of Precipitation 


In Copper-Beryllium Alloys 


The existing data on precipitation in Cu-Be alloys have been re- 
conciled with some new data to present a more complete and rational 
analysis of the atomic rearrangements involved in the process. Two 
different coherent precipitates were proposed. Each is responsible 

for a type of diffuse X-ray diffraction effect 


HE nature of the atomic rearrangement involved crystals into a plus y. These markings were apparent 

n the precipitation of the compound y-Cu-Be in both the a and 8 phases of the micrographs given 
from ipe aturated solid solutions of the copper- by Smith’ for a 2.75 pet Be alloy, while Moore’ de 
Dase a vs Nas been the ibject of two extensive tected them in the a matrix phase using polarized 

estigation The precipitate in this alloy system light. Desch attributed the markings to fine pre- 
has a rathe mple structure; at equilibrium it has cipitate particles lined up on a family of matrix 
a body-centered cubic unit cell with copper atom planes like Masing and Dahl had done, and he iden 
on the corne ites and beryllium atoms on the tified the planes as those of the {111} family, the 
center site. While a simple mechanism would be ex- slip planes of the matrix. The striations were pre- 
pected to obtain for the precipitation proce those imably the structure which Northcott’ referred to 


which have been proposed do not adequately explain 
rted data. The purpose of the present 
eport is to rationalize some of the previous obser- 
ations and to contribute new data on the subject 


obtained by the usual techniques of structure anal- 


as “martensitic He found that thi tructure wa 
present in samples that had been aged under widely 
different condit ons with hardne value ranging 
from 160 to 400 VHN. Later Guinier and Jacquet 


also found striations in both the a matrix and sec- 


es. The Cu-Be system of alloys represents one of ondary 8 phase. Their analyses showed that the 
the most extensively investigated precipitation sys- striations were along {110} planes of the matrix 
tems, so a detailed review of the pertinent literature phase, apparently in contradiction of the results of 
on structure in orde Desch. They found that the striations were developed 


Striat Since one of the important features of during aging on the surface of a specimen that had 
the mechanism—the habit plane—is determined by been polished prior to aging.” On this basis they con- 
microscopic examination, microstructural features cluded that the striations represented mechanical 
that have been observed should be considered at this deformation by slip along {110} planes of the matrix 
time in order to assess their role in the precipitation resulting from precipitation stresse Similar but 
process in Cu-Be alloys. One of the most prominent fainter striations were observed in the same manner 


features appears as regularly oriented markings or 
stripings (ripples or striations) across the crystals 
on a suitably polished and etched sample of the aged 
ov. These have been ob erved and interpreted by 
many workers. Masing and Dahl‘ observed striations 
in both the a and 8 phases of a 2.5 pct Be alloy, and 
attributed them to the beginning of the precipitation 
of very fine crystals along favored planes of the 
» matrix and to the local decomposition of the 8 
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on an Al-Cu alloy sample, in which the change in 
volume was much less than for Cu-Be alloys and 


A. H. GEISLER, Member AIME, and J. H MALLERY are asso 
ciated with General Electric Research Laboratory, The Knolls, 
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Fig. 2—Stereographic projection showing locations of (100! 

t cubic pre poles observed by Guy, Barrett, and Mehl for Cu-Be pre 

cipitate im a 18 pct Be alloy crystal that had been aged 
142 hr at 500 C 
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‘ Hark nd Murpl have pointed mined. G } ented n ph that ex- 
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100! poles of cubic pre 
relationship 


Fig. 4—Stereographic projection of 
matrix with the 
110 001}, 


cipitete cubic orentation 


110, ond 


body-centered cubic precipitate, coincided with 
the [001] axis of the face-ce ntered cubic matrix, a 
and [100], with [110], as in Fig. 1, but they stated 
that this orientation is only approximate. Guy and 
coworkers’ “ precisely determined the orientation as 
shown by Fig. 2. The relationship was considered to 
of [001], from [001] 
from [110] 


and Guy’ and 


be irrational with a tilt of 8 
and a spread of +2 of [100] 
Diffuse Diffraction Effect 
their coworkers have anaiyzed the diffuse streaks 
which appear in X-ray patterns for ingle 
crystals. The results of both investigations agreed in 
that an indeterminate periodicity existed in the lat- 
tice structure normal to {100} matrix planes. Guinier 
attributed this to a segregation of beryllium atoms 
to form new, small platelets dispersed parallel to 
cube planes in the solid solution with the same 
atomic spacings in the plane, but having a composi- 
tion different from the mean which results in a con- 
traction of the spacing of the (100) plane Both 
groups of workers proposed a mechanism for the 
formation of which involved a contraction of a 
normal to the (100) plane such a mech- 
anism assumed that the habit plane was (100) and 
did not take into consideration the apparently “irra- 
tional” nature of the orientation relationship. In 
addition to two-dimensional diffraction effects, Elis- 
tratov et al.” have observed one-dimensional diffrac- 
tion effects for a Cu-2 pct Be alloy similar to those 
which were first reported for Al-Ag and Al-Mg-Si 
allovs.” Their technique involved coarse-grained 
polycrystalline samples with diffraction from crys- 
tals of unknown orientations, so that at first they 
were not able to identify the crystallographic direc- 
tions associated with either the one-dimensional or 
two-dimensional aggregate Later” they used the 
single-crystal technique described by Geisler and 
Hill” and found that the one -dimensional diffraction 
was along <100> directions and the two-dimensional 
diffraction on {100} planes. The latter agreed with 

results of Guinier and Guy 

Lattice Dis Structure: A 
prominent feature that has been observed in X-ray 
patterns of Cu-Be allovs has been the extreme 
broadening and diffuseness of matrix lines which 


Guinier 


aged 


howeve! 


and Transition 


tortion 
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Fig 5—Stereographic projection of 100 
relationship 


motrix with the onentation 


and (001 110 


cipitate m= cubs 
110 


develop during precipitation On aging at 300 C 
the lines at high angle 
of the pattern become so broad and diffuse that they 
detected The 
to change in concentration ol 


ed on aging at 150 


in the back 
were not broat ing on aging a 
350 C could be due 
the matrix alone, but that obser 
250 C was considered in part to be due to stresse 
formation of the part 
precipitate which migh 
Dahl and co 


aging temperature 


to 
accompanying the 
regard to strains in the 
indicative of a coherent precip 
workers” found that at the lower 
the y crystals precipitated in a form which gave in- 
distinct X-ray lines. They stated that it Is po sible 


that y precipitated out in a trained condition, which 


could cause a widening of the line although prob- 
ably the indistinctne of the lines was largely duc 
to the fine particle size of the precipitate While 
Guinier and Jacquet concluded that no transition 
structure was formed during the aging of Cu-Be 
alloys, it is apparent that the previou ly described 


platelets which cause d the diffuse diffraction effec 
qualify as a coherent transition tructure 
referred to as an epitaxy of the precipitate 
Barrett, and Mehl’ were unable to detect a tran ition 
lattice and concluded on the basis of powder pattern 
that no structure other than the equilibrium 
enough to afford three-dimen- 


ometime 


Guy 


pre- 
cipitate grows large 
sional diffraction 


On the basis of the previou 
anism of precipitation in Cu-Be alloys there are at 


work on the mech- 


least three features which net d further study: 1 
rationalization of the orentation relationship, 2 
determination of the habit plane for and 3—further 


searching for the coherent transition structure 


Experimental Technique 


The X-ray diffraction studies wert conducted on 
two single-crystal samples that had been prepared 
by Guy.” Their 1.73 pet Be, and 
they had been thinned to 0.005 in., heat treated in 
vacuum for 1!2 hr at 800°C, and quen hed directly 
to the aging temperature. Since 100 hr 
300°C was required to develop diffraction spot from 
pattern 


composition wa 


at 


aging 


three-dimensional precipitate in Laue 


aging times of 1, 3, and 18 hr were chosen in order 
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‘ Ke is an apy ximatior Relation C in- 
‘ niv vhtly more total strain; however, the 
catior f cube poles for th elationshy hown 
Net .4 n Fig. 4. are distinctly different from those observed 
j O hie hie ela p D. Fis re- 
Ne OF 13.6 eplaces an expal n of 6.4 px 
n the njugate plane, a contraction of only 7.9 pet 
~ ‘ wee e 24.8 pct contraction normal he con- 
gate ef elationship A. Although a choice 
J etwee 1 would bed cu oO make on th 
uf Jr >: i ‘ 
i disregistry alone, the distribution of [100 
~ es licted t ) and shown tn Fig. 5 rather 
pa mn with the observed, Fig. 2 
‘ 
~ <4 {9 44 from the 100: poles of the matrix crystal 
The difference between tl nd the observed angle 
4a” 4 about 6 probably within the experimental 
: ‘ The observed spread of *2 could be due t 
Fiq 6 Microstructure of 2 pct be t . esulting either from mechanically or ther- 
why ed trom ( lv applied stre or from the spontaneous stresse¢ 
x) f precipitation described earher 
\ 
cipitate, attempts were made t 
ped W it itter ps tte n by \ 
fed meant Microscopically resolvable 
Saab present after aging for 100 hi 
wily cooling (50°C per hr) f1 
: sie temperature The latter treatr 
‘ 
, best tructure for analy Fa 
; plates of precipitate appeared a 
While some of these were along twin boundari 
" ht represent localized pre pitation as at grain 
lo entation relationshly boundari othe appeared throughout the grains 
=, the nd twir lhe three largest crystals in the bottom 
; . half of the micrograph were separated by traight 
) were houndaric which proved to be twin 
nown Phese grains are labelled A, B, and C in the 
t the lower right of F 7. Twin boundaries and 
! natt t ts the the directions of the three or four traces for parti- 
t ' nu es remote from twin boundaries are also shown In 
tions. Relatior the sketch. Some of the traces for the plate 
hat eat ‘ precipitate particle were parallel to twin 
nie n each part of the twu iggesting 
¥ that the habit plane was the same as the twin ] rm 
‘ lil rt proved to be the case fC 
by tereogvraphic projection was of 
4 : the precipitate and twin boundary traces, Fig. 7 
Startiur vith ervstal A stereographic plane which 
: must contain the poles of the crystal planes that 
; . cause the trace’, were plotted normal to the traces 
Next an orientation was found in which a {111 
pole fe n each of the fou tereographic planes 
Finally, the « entation of the correct twit of A 
found to put {111} poles on the data for crys- 
t and C. In th wav ten traces were corre- 
ited witl 111} plane Only two traces were ab- 
; ent It mav be concluded that the habit plane ot 
: plate ke particles of the equilibrium precipitate 
the {111} famuly 
’ \ : With the two new facts 
im precipitate n Cu-Be 
1 it or cat t ilat 
that the precipitate structu 
: ment of atoms in the (111 
Fig t graphic proye ich a manner as to assume th 
precipitate tra » three the precipitate nee (111) the 
sketched 1). is parallel to (110),. Such is 


Fig 8-—A mechanism of torm 


employing the 111 110 
plane bad P 


would have 
(O01) 


These 


to produce 


ientation 


(111). would be predicted from tt mechanisn the (110).- plane or the atomic spacing along [110] t 
ither than the tetragonal one mentioned by Guy of the matrix. The latter condition was imposed 
because the one interplanar spacing for was the 
Intermediate Structure—>» same as that for the (110) planes of the matrix 
When oscillatir crystal patterr were made for The de ions demand that the truc 
the ngle-crystal sample that had been aged 18 hi ture be face-centered tetragonal with a SYDA 
it 300 C, several three-dimensional diffraction spot and ¢ 254A. The cell could also be described a 
vere observed which could not be attributed to the body-centered tetragona a LT9A and ¢ 
equilibrium precipitate \ hown in Fig. 9. one 254A for convenience nm relating t to the equilib 
eflection with its 8 component was moderately in- rium precipitate The observed data are satisfied 
tense. Th eflection appeared in the approximate by the proposed structure tor u hown by a con 
location for what would be a (110) matrix parison in Table I where the columns labeled ¥ i 
tion (d 254). if th were not a forbidden refer to the vertical coordinate of the reflection or ' 
tion of the fac Among the the film All the observed eflection agrer with 
numero patter 15° oscilla- calculated Y coordinates and d value although a 
thor roo! ‘ | ind copper number of expected reflection were not observed 
( | i an 
rv cobalt radiation, the interplanar spacings corre- Intensity values were rated relative to each other 
ponding to five definite non-matrix reflections were rather than relative to matrix reflection which 
as follow 278A. 254A. 1.97A. 1.86A. and 1.56A would all be trong on the cale used Actually 
These were used to identify the intermediate struc- ome of the reflections were very weak which 
ture which was de nated probably explains the failure to observe others of 
Although five different types of reflections hardly them 
eem ef h to determine a new crvstal structure The intermediate structure not coherent to the 
n combination with the (111) matrix plane; however, examination showed 
that it could be cor dered coherent on the (112) 


ym the film as determined by 
type matrix plane. In Fig. 10. the a-matrix structure 


were ufficient to dism 


intermediate 


could not be explained by while at the right the tructure drawn wit! 
i transition structure rent on the (100), plane (120) as base. The atomic spacing on the base plane 
and formed by a simple contraction along the [001] 
jirection as proposed by Guinier and Guy. Like- 
wise a simple readjustment of the (111), spacing to 
form a rhombohedral cell coherent on the (111) -_ 


l 
matrix plane would satisfy only three of the ob- 


erved reflection although various combinations of 

parameter were nvestigated Next possible cell re% 
that could result from shifting of the (111) matrix ~~ ave 


re tred. These included the previously 


mentioned orthorhombic cell: however, no choice 


of the intermediate c parameter corresponding to 


(111) matrix layer spacing would satisfy more than : qui) 
half of the observed reflections 
The most fruitful attempt to determine the inter- i 


mediate structure y was made by assuming that a 

prior structure was formed coherent on the (100) Fig. 9—Oscillating crystal pattern 16 to 36 trom {010) 
plane as suggested by the analvses of diffuse dif- about [001|, CuK radiation) for sample that had been aged 
fraction effects by Guinier and Guy. A prior struc- 18 hr at 300 C showing reflections tor 
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istrated by Fig. % I form the atoms In a ture, late lesignated (see Fig. 17), P| at Pe 
would move in. the 112] direction an amount monoclinic cell with (100),- coherent of 
which varies from 0 to 220A for every 6th laver. A the matrix and would be sheared over to the extent 
contraction of 13.2 pet in the atomic spacing in the where (110) parallel to (111) matrix, Zi 
112] lirection, an expansion of 64 pct in the conditions specify discrete lattice parameters The : 
t t tur then rm by loss of 
110 jirection and a contraction of 7.9 pct in the intermediate ructure cou 
‘herency on (001), and further shear a 
[111], direction are also required to form the y cell (902). and ‘ : 
orentation relations? 
on the t t Diane 


Fig A mechanism of torming the coherent precipitate right trom the motria 


Early Diffuse Diffraction Effects 


Table | Reflections for intermediate Structure Body 
Centered Tetragonal 279 254 Rotation about 
CuK Radiation 


Inten 
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»| that had been aged 18 hr 
spots for plotelets ! 
tor upper pattern and 2€ 


lower pattern 
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Fig 13—Reciprocal lattice projections of diffuse rods 


CuK. radiation’ that were observed im series of Laue 
patterns for crystal aged 2 to 3 hr at 300 C 
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t t f the imple vhich had beer wed h nfusing to be ratior ilized, possibly because of the ‘ 
Results f the 2 and } wing wre cor jated everal ds here with projections directed approxi- - 
‘ 13 which show nly 10 rds. Possibly there mately towards (000); and 4—rods through =! 
‘ the j near the (111) matrix reflec points and directed prec ely toward I ==! 
tiot iiffract on Laue spots with the exception of sn all : 
The jentit f the 100 nd 112' platelets car angle diffraction near (000) The data are ifficient 7 
n ne the observed diffractior to conclude that thin platelets of are formed 
effect with tl « predicted f the three precipitat parallel t 100! planes during aging of 2 to 18 hi . 
t ture nd The ec} cal lattice pre at 300 C and platelet of n plane are also 
tior } a | nd it ef thin platelet present after aging 18 hr 
f these U e structure el to their respective a 
habit plat 100'. (112), and {111} of the matrix 
Platelets of the equilibrium structure could not The dimensi 
be ising the observed effect nee F 16 predict init ce of the 7 
111 lirectior f the matrix and none ng the aging of 
ere bse ed. On the othe hand, the bserved immary in Fy _ 
effect ‘ ve vil! me of those predicted 100 mat x 
f nd Rod irallel to [010 and [100 two-dimension % 
which 4 th ih the (100),, (111) and (200) observed by a 7 
n ? and 1 e precisely those predicted 100 matrix 
nt 14 and thu in be attributed to diffuse plane Althougs 
10 eflectior The inclined rods fects were not 
b 12 ee with those f n Fig. 15 that would ture better explains the observed iff ___s : 
it cu it the Z-« dinate given yould a tetrapor tructure formed by a miple 
Fie 12 W ‘ f the observed rods that have jilation of the {100} matrix plane stacking a> pl : 
plotted in I and 13 can be reconciled posed by Guy and \ sheared structure 
+} P edicted. f ire t detect mie f the pre ther thar the smherent tetra nal one re 
licted can be attributed t 1-the investigated vol juired to explain the doubled 100 rods neal os 
re f recy i hace did not include the entire (111), in Fig. 12 ; 
me which wa cluded in determining the pre The second precipitate which coexists with : 
dicted rod 2— ected dis directed approxi- n samples aged at 300 C grows to a size capable of 
: ite towards (000) might be observe ionly on one three-dimensional diffraction It coherent on {112 
m in the series and thus insufficient data would be matrix plane t grows a > 
hrained t letermi the! lirectior me of plane when the thickness 1 
the observed diffraction effects nea (111), were tor diffraction effects that are rod : 
. directions of matrix reciproca 
t tat Fix tion relationship of the t ‘ the samme a 
the ted ree that proposed by for ferrite 
t ‘ the ‘three : formed by tran Ni alloy 
rhe 2 The equilibrium precipitate forms a Widman- 
to the f t the titten figure of plates on the four (111) matrix : 
ect to a microscopkK 
tures, While in I 
, ed Fig. 12 twin boundari 
t Z while the fou 1 micrograph f ; 
2 which snows a 
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found that the 
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t ) te te the ientical to those involved in the formation of fet 
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‘ fraction Mathieu and that by Nishivama both might obtanu 
f lifferent forn f the fe te. Although the smal 
fitference n < entation of 1 2 make a choice be 
tween the two relationships difficult on the basis of 
} ma and D of two-dimer 
: - is to whether (111) or (112) is the conjugate plan 
ht we thy ‘ ilt eported here for 
Cu-Be 
\ ay ‘ ‘ “a } 
ild be lered at tl It not 
‘ f consecutively t transformatior f one int 
the ther f ved t furthe vtl vhethe 
s the ire ndependently nucleated and m- 
. nd degree of 7 ituration. Perhaps all that cat 
the te ther In th le the 
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eted 
Fig Recs tee pro refect the 
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lecre ‘ t it { the ! x t that thie ea tt re nea 
Table ll. The jecrease ri the te eve t lved st t f t t, while 
the f or ‘ ent of Be at } hange if ete the bi 
i 
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‘ ot the bat cece hh a hit ime the an nm conf 
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three habit plane (OOL). ) i (iil 
On the other hand, the habit planes contain a dire« ) 
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‘ ‘ ‘ it i i ? eile 0) wn be ttributed t 
12) ne nd col i jue t lef f the r nifested t the 
bie ) \ wt i ! Wher he i ‘ or 110) plane 
treme thir wth of mn (112) il t a 10 lirect m the { 0) plane 
the ‘ tot thy a} 
bye athe exter be e the owtl i n bi) 
ence 
Che nature of the strau which must arise tt ue 
nt f of the pitat oe a 
m w nt e consideration. Matrix strain | ‘ 
beheved to be the ce of age hardenit ( ‘ ‘ 
the precipitate with the parent matrix ‘ ite \ 
equire that the ad ning impoverished matrix be 
srnined Such strains have been identified ir Summary and Conclusions 
ter ich Cu-Ni-¢ where the an nt rhe « tir lata on precipitation in Cu-Be ‘ 
precipitate i te that of mpove hed ! i ecom ed witl me new data t 
trix For ( Be ) t is found that rathe hary esent a more complete and ratior ina f the 
election the ‘ hed matrix appeared t vraphiec mechanisn 
adjacent to parent matrix reflectior n the eillat 
me pred Table Volume Changes Accompanying Precipitation im Cu Be 
wed 18 hr at 300 ¢ It was possible to « te 
eflections fo trained structures expected ; 
Average Volume 
the a is precipitate that would equally ex Uhave per At 
t tre ( ect ‘ et of mat x pot suct 
¢ ned matrix structures included a tetragonal c¢ ‘ 
‘ oo cohere in orthorhombic ee P 
12 coherent ) i a cell fe > 
1 au 
11 heremn The erplana 
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High Pressure Blowers, Alloy Conservation, Pelletizing, Refractories, 
Coal and Coke Research Are Topics on Iron 
and Steel Conference Agenda 


The 35th Conference of the Blast Furnace, Coke Over AIME n 
ind Raw Materials Committee and National Oper nd S700 nonmembs either All 
Hearth Steel Committee will be held at the Wilhan gistrants will receive a coy f the Proceedir wher 
Penn Hotel, Pittsburgh, Mar. 31 to Apr. 2, 1952. Iron . ; 
nm tect piled The annual Fellowship Dinner will be held 


nuce Ends; Rammed Hearths, Scheduling Fur 
lace Repan to Increase Availability; Hot Metal 


Preliminary Program of 
National Open Hearth Conference 


| TUESDAY, APRIL | 


SUNDAY, MARCH 30 
9 00 am to 5 00 pm 


3.00 pm to ] 00 pm Registration 
Registration 


9 30 am 


| MONDAY. MARCH 31 Fuels and Combustion: 
Fuel Burner Future Sulphur Content of Fuel 
8 00 om to 5 00 pm Ou Instrumentation, High Pressure Natural 
Registration Gas for Atomizing Oil; Designing a Furnace to 
9 30 am Use Natural Ga Uptake Dimension 
General Session: 9:30 om 
At nouncements and Report MeKune Award Cold Metal Session and Basic Foundry Practice: 
Pape Slag Control with Burnt Lime; Economies of 
10 30 om Use of Oxygen; Effect on Production of High 
Increasing Open Hearth Production: Pig Iron; Bath Pyrometry in Basic Steel Found- 
Checker Maintenance to Increase Flame Inten rr New Method of Charging 
tv; Oxvgen f Flame Enrichment and Decar- 2.00 pm 
burization Methods of Decreasing Charging Training Open Hearth Personnel: 
Dime Visual Aids as a Tool for Training raining 
11 00 om Program Effect of Foreign Ores a Open 
Acid Open Hearth Round Table Discussion and Hearth Charge Ore on Production Rate 
Luncheon 6:30 pm 
2.00 pm Reception 
Operating Metallurgy: 7.00 pm 
Conservation of Alloys, Manganese, Aluminum Annual Fellowship Dinner 
Use of Boron, Exothermic Alloys; Effect of Va- 
i Elements on Hot Workability: Steel Bath WEDNESDAY. APRIL 2 
remperature Measurement Significance ot 8 00 am to 4.00 pm 
Furnace Block Registration 
2 00 pm 930 am 
Refractories and Masonry: Plant Trip 
Plastic and Castable Refractories; Basic, High All day o Irvin Work Carrie Blast Fur- 
Alumina, and Silica Brick Combinations in Fur- naces, Homestead Works, U. S. Steel Co 
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30 pm — Embassy Room 
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vith the magnetic change at the curve 
temperature 768 ther t the 
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btained on the effect of titar ! 


Bessemer Steelmen Meet 


An off-the-record meeting of the 
AIME Bessemer Steel Committe 
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ani proble coneernir tl 
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on the agenda were: Mixe Blow 
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Co 
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Staff Appointments Made 


At the meeting of the Executive 
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Bessemer steelmen who attended the Pittsburgh meeting First Row A C. Von Philp, Wheeling Stee! Corp. G McMorran, U S Steel 
Co, R E Edwards, Jones G Loughlin Steel Corp; L T Sanchez, J W Schroeder, W G McDonough, National Tube Div 
G M Yocom, Wheeling Stee! Corp, H C Dunkle 
Glasgow, D. W. Heidgerd, Jones & Laughlin Steel Corp; C. E. Williams, W. H Mayo, U 5S. Steel Co 
J M Kirkpatrick, Youngstown Sheet G Tube Co 


Republic Stee! Corp Second Row 


E R Holstein 


Dea a py nted as Manager of 
Publicatior { the Institute to suc 
eed T is E. Llovd whose resigna 
tion was effective February 1. Mr 
Beall l ntinue is Editor of 


ENGINEERING 


Award President's Banner 


The winner of the President's Ban 
er for the largest number of new ap 
plications for membership in its last 
jyuarter of 1951, in proportion to its 
embershi the Southwestern 
New Mexico Section. The Banner wa 
presented t re lent Peirce at the 
We g Luncheon on February Lt 
The en i? est percentage wa 
ittained t the Southwest Texas Sec 
thon, th i by Carlsbad Potash; and 
fourth t the ewl formed Menxic« 
Sectior 
Student Conclave Planned 
On January 25, at a meeting of 
the Executive Committee of the St 
l i Section the following ome 

thie te 

Voted evolving fund of $1000 
f mi the ft of 1951 Annual Meeting 
f Gru int refund to finance an 
innual student's conclave of our five 
tudent affiliate The first is sched 
iled for id-April to be held here 
On alternate ears thereafter a con- 
cla vill be held at each school in 
turt It belreved the fund will 
finance three affair ind that it wall 

inent fixture there 


appointed 


Chairman of the Committee to or 
panize the eeting which, after or 
ganization vill be conducted en 


tudents themselves 


U S Steel 
Johnston, Republic Stee! Corp, J A 
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Hot Blast 
ALVE SEATS) ; , Open Hearth 
Blast Furnace 
Coke Oven 


Raw Materials 


CONFERENCE 


Pittsburgh, March 31 to April 2 
* * 


Your company should be among those advertising 
in the April issue of JOURNAL OF METALS— 
official publication and only publication repre 

- : senting the Blast Furnace, Coke Oven, Raw 
Dependability and Long Materials and Open Hearth Conferences 


at no Extra Cost : Write or wire for space reservations now 
: Plates must be in New York by March 5 


* * 
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Harwood COMPANY 
Bao) 29 West 39th Street New York 18, N.Y 


Blast Furnace Copper Castings Exclusively 


ELECTRIC MELTING 
FURNACE 


as ever, the dependable furnace for the 
production of high-grade stainless, atloy 
and rimming steels 


Removable roof of new design now avail- 
able for the larger furnaces. 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL COMPANY 
General Offices: 525 William Penn Place, Pittsburgh, Pa. 


Contracting Offices in New York Philodelphic, Chicago 
San Froncinco and other principal cities 
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Tuyeres 
Coolers 
Tuyere 
Hot Blast Valves 
and Valve Seats 
; 
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Iltine. refinin or reducmg 


yn process and tailor 


Write for vour cop 
lting and Refining 


ration, 326 32nd Street, Pittsburgh 


Monutoctured in... CANADA: Lectromelt Furnaces of Canada, lid., Toronto 2... ENGLAND 

Birlec, Birmingham AUSTRALIA. Birlec, Sydney FRANCE. Stein et Rouboix, 

Poris BELGIUM. S A. Belge Stein et Roubaix Bressoux Liege . SPAIN. General Electrica 
Espanola, Bilbao ITALY. Forni Stein, Genoo 


MOORE RAPID 


WHEN YOU MELT... 


This Continuous 
RFORMANCE 
= \ 
Two size “M” Lectromelt Furnaces melt cathodes to tis er 
sot r the melting part of this electrolytic copper refiners peratvet - 
the e was Leectromelt*. Because trom the electr > } 
oa ite peratvon try the massive of the furnace tee lt 4 | - 
Dectromelt built to be a production tool It will give ve 
tr bie-Tree servies neal corres owecost operatic iwe 
neers will help vou desi lor-make the instal At Lectromelt 
} rt es tor Sme at ns. Pitts irgh Three elect ¢ ine 
Lectromelt Corpo 30, Ps 
SO 
50,000 K.V.A. 
7 


AND ADD LIFE TO 
CRITICAL MATERIALS 


with NATIONAL 
Graphite Stool Inserts! 


Mold stools with graphite inserts stand up to the 


hot-metal impact of fast, uniform pouring... ab- 
solutely eliminate the bouleneck of stool-sticker 


slow-ups. Ingot cars move evenly... you get greater 
man-hour productivity and, incidentally, much 
longer life from essential materials and equipment. 


Write to National Carbon Company for information. 


a reagstered trade mark 


and (arhon Corporation 
NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, 


t Sales Oe Atlanta huago, Dallas, Kansas City 
New York, Prtesburgh, San Francisco 


In Canada National Carbon Limited, Moatreal, Toronto, Winnipeg 
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